To describe the trend in cancer mortality rates in Brazil and regions before and after correction for underreporting of deaths and redistribution of ill-defined and nonspecific causes.
INTRODUCTION
Cancer is a public health issue and ranks second in mortality around the world; in some developed countries, it has become the first leading cause of death a . Among neoplams, lung cancer has been the most common type worldwide for several decades b . According to the World Health Organization (WHO), in 2012 there were approximately 1.8 million new cases of lung cancer, or 13.0% of total cancer, of which 58.0% occurred in developing countries. It is estimated that growth rates grows 2.0% every year b .
The five-year survival rate for this disease ranges from 13.0% to 21.0% in developed countries, and from 7.0% to 10.0% in developing countries. Overall differences are greater in incidence, mortality and survival, and, in general, geographic patterns of mortality accompany those related to incidence b . In Brazil, lung cancer is the leading cause of death from cancer among men and the second among women. In 2011, it caused 22,424 deaths in all ages, 13,698 among men and 8,726 among women c .
The association between smoking and lung cancer was first suggested in England, in 1927 4, 22 . Later studies showed that the interruption of smoking reduces the risk of lung cancer d . Therefore, studies show that incidence rates of lung cancer in a given country reflect the prevalence of smoking among its population
.
Although it still prevails as the leading cause of deaths by cancer worldwide 3, 7 , lung cancer mortality rates have decreased. This decrease is heterogeneous and mortality from lung cancer in Eastern Europe, China and other developing countries is still increasing among both sexes 21,b . In Brazil, in 1989, the Pesquisa Nacional em Saúde e Nutrição (National Health and Nutrition Survey) collected nationally representative data on smoking for the first time and found prevalence of 40.0% among men and 26.0% among women in the population over 15 years of age 16 . Since 2006, the Brazilian Noncommunicable Diseases Surveillance System (VIGITEL) has annually monitored the prevalence of smoking in the adult population in state capitals, and the results indicate decreasing trends among men and women, reaching in 2013 the average value of 11.3%, higher among men (14.4%) than women (8.6%). However, in some capitals in the South and Southeast regions, prevalence of smoking among women is already approaching the rates observed among men 13,e . At the World Health Assembly in 2014, WHO endorsed the Global Action Plan for the Prevention and Control of Noncommunicable Diseases e , which establishes a commitment among countries to reduce mortality in the four groups of noncommunicable diseases (NCD) to 25.0% by 2025, and to continuously monitor trends and improve data quality. Data improvement is especially relevant for Brazil, since, despite the consolidation of the Mortality Information System (SIM), there is still underreporting of deaths and a high proportion of deaths recorded with ill-defined causes in some regions of the country. Therefore, analysis of the magnitude of mortality rates must consider the underreporting of deaths and the occurrence of ill-defined or garbage codes, as they introduce a bias in comparisons between areas with differences in quality of information on deaths and in time trend studies.
Considering the importance of lung cancer in the epidemiological profile of the Brazilian population 18 and the persisting problems regarding the quality of death reports in the country, mortality analyses should incorporate methods to correct underreporting of deaths and redistribute ill-defined and nonspecific causes of death. Following such adjustments, time analyses aimed at determining the existence of significant increasing or decreasing trends are important to assess whether mortality rate reduction targets are being met. Different results over the years may be merely the result of random fluctuation, and not of actual improvements or setbacks.
The aim of this study was to describe the trends in lung cancer mortality in Brazil and regions before and after correction for underreporting of deaths and redistribution of ill-defined and nonspecific causes. The codes of the International Classification of Disease (ICD-10) considered for trachea, bronchus and lung cancer were: C33-C34.9, D02.1-D02.2, D38.1. Raw data of deaths reported to SIM were corrected according to the following methodological procedures:
• Step 1: imputation of deaths with non-registered sex or age;
• Step 2: redistribution of some nonspecific causes allocated in the chapters of defined causes of ICD-10 (all chapters except Chapter XVIII), here called "garbage" codes, by sex and region;
• Step 3: redistribution of death causes allocated in Chapter XVIII of ICD-10 of ill-defined causes (IDC), by sex, age group and region;
• Step 4: correction of underreporting of deaths, with computation of total deaths corrected for underreporting in each five-year age group of 30 to 69 years by sex, and allocation of the proportion of the specific causes corrected in the previous steps.
The specific rates by cause were calculated in the five-year age groups by sex and region for the data corrected in the described steps above. To analyze the rates of the total 30-69 age group, standardization was carried out using the direct method of specific rates by cause (corrected) of the age groups for Brazil and the different regions, by sex. These rates were then used for the analysis of time trends from 1996 to 2011.
Following the evaluation of the list of causes and the garbage code list of the Global Burden of Disease 2010 Study (GBD-2010) 10, 17 , specifics ICD-10 codes were defined to be included in each grouping of garbage codes, with redistribution criteria for the target diseases or target codes. Table 1 details the ICD-10 codes that were included in each group of garbage codes.
In this study, however, IDC (ICD-10 R codes) were redistributed according to the methodology proposed by França et al. Correction of underreporting of deaths in Brazil and regions was carried out using the estimates provided by the Health Interagency Information Network (RIPSA) for Brazil and regions of total deaths for the period 1996-2011, for both sexes g . For the period 1996-1999, RIPSA used the underreporting correction factors based on the ratio between the number of deaths reported to SIM and the number of deaths estimated by IBGE. Between 2000 and 2011, the correction factors were based on the number of deaths estimated by an active search for unreported deaths and births 20 . Although the factors estimated through active searching are considered more reliable, this method had only been applied as of 2000. Therefore, for the period between 1996 and 1999, the correction factors provided by RIPSA f were used. As RIPSA f has no coverage by sex, the mean estimates presented by Agostinho and Queiroz h were used.
For the standardization of mortality rates, the study used as the standard population the Brazilian population of 2010, since this is the most recent Census i , being close to the age distribution of the current population, which is still in the process of demographic transition. Following the corrections, the study used the regression model for the time series analyses of each region and Brazil by sex 1 . The trend was defined as µ t = ß 0 + ß 1 t, implying a growth (if the ß 1 slope is positive) or decrease (if the slope is negative) in a straight line over time. The ß 1 slope informs by how many units the expected value of this series increases or decreases each year. Moreover, since the data indicated a sign of autocorrelation in the first order, it was assumed that the model' s residuals (the difference between µ t and the observed value) follow the autoregressive model of order one. Hypothesis testing defines whether the slope value is significantly different from zero or not. The regression model has the function of clearly indicating the nature of the trend and whether it is significant or not.
This study was prepared with aggregate secondary data of deaths and populations, obtained from the Brazilian Ministry of Health databases published on the Internet. The consulted databases did not include sensitive information such as names and addresses, therefore approval by an ethics research committee was not required for the study.
RESULTS
Among the steps of correction and redistribution of garbage codes, IDC and underreporting of deaths, the latter was the largest contributor to the total number of deaths for both men and women in the two years analyzed. At the end of all correction steps, the number of deaths among men increased by 20.4% in 1996 and 10.1% in 2011. The same was observed for women, ranging from 34.2% in 1996 to 10.0% in 2011 (Table 2) .
Deaths and standardized death rates from lung cancer showed significant variation following correction and redistribution of deaths for men and women in the North and Northeast regions in 1996. This effect was smaller in 2011 for both sexes in these and the other regions (Table 3) .
Following the correction and redistribution of deaths, death rates from lung cancer among the population aged 30-69 years were higher for men in 1996 and 2011. The South region had the highest rate for men and women. The lowest rates were observed for men in the Northeast region in the two years analyzed and for women in the Southeast (1996) and North (2011) regions. For women, there was increased risk in the Southeast, South and Midwest regions and in the country as a whole. This also caused a convergence trend of mortality rates between regions for women ( Table 3) .
Mortality rates for lung cancer increase in risk according to age. This was observed for men and women in 1996 and 2011. Men have higher mortality rates than women, particularly over 55 years of age. This phenomenon is common to all regions and the country as a whole. However, the difference decreased in 2011 (Table 4) . For uncorrected data, all regions showed a downward trend for men, significant or not, except for the Northeast region, which showed a significant increasing trend. After correction, all regions showed a significant downward trend for men (Figure) . For women, all regions showed a significant increase for uncorrected data (Figure) . After correction, the South and Southeast regions maintain the same pattern, but the North region has shown a significant downward trend.
DISCUSSION
Distribution patterns of lung cancer in Brazil differ according to sex, with higher rates among men than women, and reduced mortality trends for men and increased rates for women.
The difference in the occurrence of lung cancer according to sex is related to the distinct characteristics of exposure to smoking among men and women
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. The analysis of the variation in mortality trends according to sex and geographical distribution is based on the different behaviors in tobacco use by sex over time.
Studies show increased mortality from lung cancer since the 1940s. In Europe, mortality has stabilized or decreased among men and increased among women in the last decades 2, 8, 15 . Most studies attribute this variation to changes in smoking habits, with trends declining among men and rising among women in most countries 2, 6, 8, 15 .
Differences in smoking habits in the past have shown a much lower risk of lung cancer among women 22 . Women used to start smoking later and smoked fewer cigarettes per day. As the prevalence of smoking among women increased in many countries, mortality by sex tends to equalize 2, 6, 8, 15 . Malta et al. 11 analyzed the trend in mortality from lung cancer between 1980 and 2003 for Brazil and selected states. The authors observed a reduction among men up to 59 years of age and an increase among women of all age groups from 30 years on. The maintenance of high mortality rates in older populations is due to smoking habits prevalent in the past
Silva et al. 18 , analyzing mortality from lung cancer in Brazil over the period 1979-2003, identified an increase of 29.0% among men and 86.0% among women. Analysis by region showed that in the Southeast region, between 1996 and 2003, the youngest age group (40-59 years) showed a decrease in mortality among men and an increase among women. Analysis by age showed the same pattern for this age group. Therefore, the results of this study follow the same trend observed in Brazil and other countries, with declining mortality among men and an increasing trend among women 2, 6, 8 . Despite the recent decline , the higher rates observed among men reflect past habits, i.e., a higher prevalence of smoking among the male population, whose smoking habit precedes that of women 22 . In Brazil, women began using tobacco later, with smoking promoted as a desired behavior in movies and the media, alongside the strong cultural appeal of assertion of independence and women's liberation 13 . Studies indicate that the peak of tobacco consumption will impact mortality rates approximately 30 years later 9, 19 . Besides smoking, genetic, hormonal and physiological factors, and also interaction between them, may have a specific impact on the lung carcinogenesis process among women
The attributable risk of smoking as a causative agent of lung cancer is higher than 90.0% 22 .
Other factors also participate in the etiology of this disease 22 , but with substantially lower attributable risk, ranging from 1.0% to 10.0% with environmental pollution. For example, radon gas has an attributable risk of about 1.0% 22 ; asbestos and other mineral fibers, about 4.0%; chromium, nickel and arsenic, about 4.0%; and exposure to silica, 1.5% 22 .
Brazil has a strong tradition in confronting smoking. With the 2011-2022 Strategic Action Plan the Prevention and Control of NCD 12 , the country committed itself to reducing mortality from NCD, among them cancer, and reducing smoking by 30.0% within a decade. These goals have been achieved thanks to regulatory, educational and health promotion measures implemented in the last decade 12 . The trends observed in this study (population from 30 to 69 years), however, may not occur among the older population. In addition, correction of death underreporting considered the whole population aged five and over, including the elderly, who are more prone to death undercounting. This strategy may overestimate mortality, since death records of the younger population tend to be more precise compared to the older population.
Mortality analyses using methods to redistribute garbage codes and correct underreporting of deaths reduce problems of underestimation of mortality rates by specific cause, in addition to being more appropriate for comparative analyses between regions and time trend analysis. The contribution of each stage in the process of correcting raw death data enables the establishment of strategies to improve information sources and build analysis proposals. In addition, mortality indicators with better quality of information can be more adequately used in public administration.
Lung cancer has a long latency period; therefore, the reduced trend in early mortality rates among men identified in this study results from national efforts to reduce the prevalence of smoking in the country in recent decades. These results indicate the importance of public health measures in protecting life and in reducing preventable deaths.
